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ABSTRACT
The stratigraphy and structure beneath Dyer County, Tennessee, were mapped using
lignite exploration wells, water wells, US Army Corps of Engineers borings, and previously
interpreted seismic reflection lines to better understand the seismic threat of the underlying New
Madrid seismic zone structures. New Madrid seismic zone earthquakes are concentrated on
faults of the Reelfoot rift, one system of which is the northwest-trending Lake County uplift and
Tiptonville dome, which extends in northwestern Tennessee through Lake and Obion counties
into Dyer County. Structure contour maps of the tops of the Paleozoic, Cretaceous, and Eocene
sections were made to produce cross-sections and a 3-D model, which illustrate the subsurface
geology of the county. Quaternary isopach maps were made of the liquefiable Mississippi,
Obion, and Forked Deer river floodplain sediments. Cross-sections of the near-surface
stratigraphy above the southeastern Reelfoot rift margin faults reveal potential displacement of
Pleistocene Forked Deer river terraces.
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1. INTRODUCTION
1.1 Significance and Purpose
Great earthquakes of 1811-1812 occurred within the New Madrid seismic zone (NMSZ)
of the central Mississippi River valley and draws attention to this area of ongoing seismicity
(Penick, 1981; Csontos and Van Arsdale, 2008). The complex geologic history of the NMSZ
involves reactivation of the Cambrian basement faults within the Reelfoot rift, a north-east
striking aulacogen that lies beneath the Mississippi embayment (Fig. 1) (Cox and Van Arsdale,
2002). The overlying unconsolidated sediments of the Mississippi River Valley makes this area
particularly vulnerable to earthquake ground shaking and liquefaction hazard (Fuller, 1912,
Tuttle et al., 1999, 2002, Cramer et al, 2020). The Center for Earthquake Research and
Information (CERI) was issued a disaster resilience competition grant from the U.S. department
of Housing and Urban Development (HUD) to conduct earthquake hazard analysis of five
counties within the NMSZ that includes Dyer County, Tennesse (Fig. 2). The surface and
subsurface geology of Dyer County were mapped as input for subsequent scenario earthquake
ground-motion determinations and liquefaction potential analysis (Cramer et al., 2020). Thus, the
surface geologic map, structure contour maps, isopach maps, geologic cross sections, and 3dimensional model generated in this study provide essential information for ongoing earthquake
mitigation and resilience efforts (Cramer et al., 2020).
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Figure 1. Reelfoot rift bounding faults (black lines) within the northern Mississippi embayment
(purple line) and New Madrid seismic zone. Earthquake epicenters shown as small colored
cirlces (CERI Earthquake Catalog 1974-2006) (Csontos and Van Arsdale, 2008). The starts indicate
estimated epicenters of the 1811-1812 earthquakes. The December 16, 1811 ~M 7.5 earthquake
indicated by the southern star near Blytheville, Arkansas. The northern star located near New
Madrid, Missouri represents the estimated epicentral location of the January 23, 1812 ~M 7.3
earthquake and the central star is the estimated epicentral location of the February 7, 1812 ~M
7.7 near Tiptonville, Tennessee. AL = Alabama, IL = Illinois, KY = Kentucky, MS =
Mississippi, TN = Tennessee (from Csontos et al., 2008).
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Figure 2. Regional DEM map. Arkansas, Missouri, and Tennessee counties are outlined in gray
and Dyer County, Tennessee is outlined in bold red. Quaternary faults in adjacent Lake,
Lauderdale, and Obion counties are marked with gold stars.
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1.2 Geology of Dyer County
Located in northwestern Tennessee, Dyer County is bordered by Lake, Obion, Gibson,
Crockett, and Lauderdale counties in Tennessee (Fig.2). Dyer County is geographically bounded
by the Mississippi River to the west, the Obion River to the north, and the Forked Deer River to
the south. The county is primarily lowland floodplains and loess covered river terraces and
uplands. The eastern portion of the county is located east of the Mississippi River bluffs and
consists of Pleistocene loess overlying Eocene strata and the Pliocene Upland Complex unit that
is approximately 3.6 Ma (Van Arsdale et al., 2007; Cupples and Van Arsdale, 2014; Cox et al.,
2014; Odum et al., 2020). Studies in adjacent Lake and Obion counties indicate that several
bedrock structures of the NMSZ extend into Dyer County (Greenwood et al., 2016, Weathers
and Van Arsdale, 2019). The faults and fault-bounded structures in Lake County that continue
into Dyer County include the northwest striking Reelfoot thrust fault, and its hanging wall Lake
County Uplift (LCU) and Tiptonville Dome (TD) culmination (Weathers and Van Arsdale,
2019) (Fig. 3). The faults associated with these structures are the Lake County Uplift backthrust
(LCUB), Tiptonville Dome backthrust (TDB), and Reelfoot faults (Fig. 3), which project from
New Madrid, Missouri to near Dyersburg (Van Arsdale et al., 1999; Weathers and Van Arsdale,
2019). The southeastern Reelfoot rift margin consists of at least two down-to-the west Cambrian
basement faults and is projected from Lauderdale to Obion counties through Dyer County
(Parrish and Van Arsdale, 2004; Cox and Van Arsdale 1999) (Figs. 3 inset and 4). While NMSZ
earthquakes are concentrated on the Reelfoot South fault in Dyer County, ongoing seismicity
along the southeastern Reelfoot rift margin supports the possibility of strain build-up and the
potential to produce moderate to large earthquakes (Cox et al., 2001). Additionally, earthquake
liquefaction features mapped along the Mississippi, Obion, and Forked Deer rivers demonstrate
4

liquefaction potential of the Holocene floodplain sediments within Dyer County (Tuttle et al.,
2002). Therefore, geologic mapping of Dyer County’s surface and subsurface presented in this
study is critical to understanding the seismic threat within the county.

5

Figure 3. A) Map of the major faults and structures of the Lake County area north of Dyer
County. This includes the Lake County uplift (green perimeter) and its proposed west-bounding
backthrust (dashed, LCUB), the northwest-trending Tiptonville dome (blue perimeter) and its
proposed west-bounding backthrust (dashed, TDB), and the east-facing Reelfoot scarp
monocline (RS) along the Reelfoot North fault. B) Geologic cross section of Lake County
illustrating the deep structure and the 30° dipping fault plane within the Precambrian rock along
which most earthquakes occur (Csontos and Van Arsdale, 2008).
6

Figure 4. Map of the south-east Reelfoot rift margin showing basement faults (heavy gray lines)
and Tertiary faults (thin black lines) identified and correlated from Dow Chemical seismic
reflection lines (Parrish and Van Arsdale, 2004).
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1.3 New Madrid Seismic Zone and its Earthquakes
The devastating earthquakes of 1811-1812 were located on three major segments of the
NMSZ. On December 16, 1811 an earthquake of ~M 7.5 and its aftershock occurred on the
northeast striking right-lateral strike-slip Axial fault (AF) (Cramer and Boyd, 2014) (Fig. 5). The
following ~M 7.3 earthquake took place on January 1, 1812 along the northeast striking rightlateral strike-slip New Madrid North fault (NMNF) and on February 7, 1812 a ~ M 7.7
earthquake occurred on the northwest striking Reelfoot thrust (step-over) fault (Cramer and
Boyd, 2014) (Fig. 5). The southwest-dipping Reelfoot thrust fault is divided into two segments,
the North Reelfoot fault (NRF) and the South Reelfoot fault (SRF) (Csontos and Van Arsdale
2008). This structure is responsible for the LCU and TD and the presence of ongoing seismicity
in Lake (Weathers and Van Arsdale 2019) and apparently Dyer counties. Previous studies in
Lake County interpret the LCU and TD as hanging wall folds or horsts bounded by reverse faults
(Purser and Van Arsdale 1998; Van Arsdale, 2000). Therefore, the LCU and TD bounding faults
in Lake County may extend into Dyer County and are thus primary subjects of this investigation.
Additionally, the southeastern Reelfoot Rift margin consisting of at least two major down-to-thewest normal faults (Parrish and Van Arsdale, 2004) is potentially a seismic threat to Dyer County
(Cox et al., 2001, 2013).
Although this region was less populated during 1811-1812, extraordinary eyewitness
accounts of the earthquakes are preserved in diaries and newspapers, which describe catastrophic
damage to the landscape (Penick, 1981). These historic reports reveal incidents that reshaped the
landscape such as geyser-like sand blows, fissures, and landslides along the Mississippi River
bluffs (Fuller, 1912; Jibson and Keefer, 1989). Today, an earthquake event of this intensity
would be catastrophic to the agriculture and cities such as Dyersburg.
8

Figure 5. Black dots illustrate earthquakes recorded between 1979 and 2006 in the New
Madrid seismic zone (CERI Earthquake Catalog). The 1811-1812 earthquakes are denoted
with stars. Red dot and D – Dyersburg. AF – Axial fault; CA – Cairo, Illinois; C –
Charleston, Missouri; N –New Madrid, Missouri; NMNF – New Madrid North fault; RF –
Risco fault (New Madrid West fault); RFNF (RNF) – Reelfoot North fault; and RFSF (RSF)
– Reelfoot South fault. Inset box shows Mississippi embayment and Mississippi River valley
area. EM – Eastern Reelfoot rift margin; H – Helena, Arkansas; M –Memphis, Tennessee;
MVB – Mississippi River valley bluffs; WM – Western Reelfoot rift margin. Dashed lines on
inset reveal the possible connection of the Reelfoot rift with the Rough Creek graben in
Kentucky (from Pryne et al., 2013).
9

1.4 A Contribution to Seismic Hazard Analysis
The seismic and liquefaction hazard maps generated from this project include the effects
of local geology (Cramer et al., 2020). Geological unit elevation, thickness, sediment type,
saturation, and bedrock type are data pertinent to calculating ground motion and generating
seismic hazard models (Dhar, 2017). Previous hazard maps of the northern Mississippi
Embayment done by Dhar and Cramer (2017) have been improved by the geological,
geotechnical, and geophysical information gathered in Dyer County (Cramer et al., 2020). The
improvements include a 3D geological model, water table model, geotechnical liquefaction
probability curves, and the shear wave velocity (Vs) correlation with lithology model. The
resulting maps support natural hazard earthquake mitigation efforts (Cramer et al., 2020).
A large portion of Dyer County consists of Holocene (< 12 ka) lowland floodplain
alluvium of the Mississippi, Obion, and Fork Deer rivers (Saucier, 1994; Rittenour et al., 2007).
Geomorphic analyses conducted within the NMSZ reveals evidence of 1811-1812 liquefaction
and liquefaction that pre-dates 1811-1812 (Saucier, 1987, 1994; Obermeier, 1988, 1989; Rodbell
and Bradley, 1993; Rodbell, 1996; Tuttle et al., 1999, 2002, and 2005; Wolf et al., 2006 ). Four
northeast-oriented sand blows 20 km southwest of Dyersburg reveal three liquefaction features
of estimated ages 350-650 BP and one feature that formed in 1811-1812 (Fig. 6) (Tuttle et
al.,1999, 2002, and 2005). A survey along the Obion River revealed sand blows that may have
formed after 1811-1812 (Fig. 6) (Tuttle et al., 1999, 2002, and 2005). Therefore, Dyer County is
of major concern for liquefaction in the event of a large earthquake. Ground-motion, water table
depth, near-surface sediment age, and near-surface geology are the important factors that control
liquefaction and are data required to produce liquefaction potential index (LPI) maps (Dhar,
2017; Dhar and Cramer, 2017).
10

Figure 6. Liquefaction features mapped in Dyer County and their estimated ages (from Tuttle et
al., 2005).
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2. GEOLOGIC HISTORY
2.1 Stratigraphy, Structure, and Geologic History of the Central Mississippi River Valley
The NMSZ of the central Mississippi River Valley lies within a region of complex
geologic history involving the formation of the Reelfoot Rift and the Mississippi Embayment
(ME) (Fig. 7). The Reelfoot Rift is a northeast-striking, 300-km-long, 70-km-wide aulacogen
(Fig. 8) that formed during the breakup of the supercontinent Rodinia and the opening of the
Iapetus Ocean (Hildenbrand et al., 1982; Hildenbrand et al., 1985; Dart and Swolfs, 1998;
Csontos et al., 2008; Van Arsdale, 2009; Martin and Van Arsdale, 2017). The extensional forces
of the failed Cambrian rift system produced marginal high-angle normal faults, which allowed
for marine transgression and deposition of the early to middle Cambrian Potsdama Megagroup
(Parish and Van Arsdale, 2004) (Fig. 7). Interpretations of the Precambrian basement from
gravity, magnetic, and seismic surveys, correlated to borehole and outcrop information show
reactivation of the normal faults of the Reelfoot Rift as northeast-striking, right-lateral strike-slip
faults, and northwest-striking reverse faults that are compressional stepover zones (Csontos and
Van Arsdale, 2008; Van Arsdale and Cupples, 2013; Cramer and Boyd, 2014). Additionally,
Tertiary structural grabens indicate east-west normal faults caused by north-south extension that
occurred during right-lateral shear reactivation of the basement faults (Van Arsdale and Cupples,
2013; Martin and Van Arsdale, 2017) (Fig. 9).
The Potsdama Megagroup lies unconformably above the Precambrian crystalline
basement rock of the Eastern Granite-Rhyolite Province (1.47 Ga) and consists of the early
Paleozoic Lamotte arkosic sandstone, Bonneterre dolomite, and Elvins shale sequence (Howe
and Thompson, 1984; McKeown et. al. 1990) (Fig. 10). The Potsdama Megagroup was followed
by deposition of the thick (> 1 km) Knox Megagroup during the Sauk transgression (Schwalb,
12

1982; Lumsden and Caudle, 2001) (Fig. 10). The lithology of the Knox Megagroup consists of
shallow-marine carbonates and

Figure 7. Schematic cross-section and oblique perspective of the Mississippi embayment
sediments (beige, yellow, and green). C–Cairo, IL; NM–New Madrid, MO; M–Memphis, TN;
CR–Crowley’s Ridge; WL–Western Lowlands; EL–Eastern Lowlands. Plutons (red) show
Middle Cretaceous igneous intrusions along the Reelfoot rift formed by the Bermuda hotspot.
Vertical exaggeration is ~ 45 (from Hildenbrand et al., and Vigil et al., 2000).
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Figure 8. Structure contour map of Precambrian surface and Reelfoot Rift faults with the
addition of northwest oriented faults from McCracken (1971), Zietz (1982); Kisvarsanyi (1984,
1987), Simpson et al. (1986); and Sims et al. (1987). GRTZ = Grand River Tectonic Zone;
CMTZ = Central Missouri Tectonic Zone; OFZ = Osceola Fault Zone; BMTZ = BolivarMansfield Tectonic Zone; WRFZ = White River Fault Zone. RF = Reelfoot fault, M = Memphis,
NM = New Madrid. High elevations are shown in red and low elevations are shown in blue
(from Csontos and Van Arsdale, 2008).
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Figure 9. Structure contour map of the top of the Memphis Sand geologic section in the
Mississippi embayment illustrating the four structural lows, which are interpreted to be grabens
(from Martin and Van Arsdale, 2017).
15

Figure 10. Generalized stratigraphic column of West Tennessee. Quat. – Quaternary, Neo. –
Neogene, EGRP – Eastern Granite-Rhyolite Province (modified from Parrish and Van Arsdale, 2004
and Ward, 2016).
16

near-shore clastic sediments. Deposition of sediments occurred from the middle Ordovician
through the Pennsylvanian. However, the section was removed by regional uplift and erosion
during the Cretaceous passing of the North American Plate over the Bermuda hotspot (Fig. 11),
resulting in an unconformity on the Paleozoic section (Cox and Van Arsdale, 1997, 2002).
The Middle Cretaceous hotspot uplift caused erosion of the Appalachian-Ouachita
orogenic belt, which extended from Oklahoma to Alabama (Figs. 11 and 12) (Cushing et al.,
1964; Thomas, 1988, 1989, and 2006; Cox and Van Arsdale, 1997, 2002; Van Arsdale and Cox,
2007; Van Arsdale, 2009). The thermal uplift also caused reactivation of the Reelfoot Rift
basement faults and the intrusion of plutons (Fig. 12) (Cox and Van Arsdale, 2002). When the
central United States drifted westward off the Bermuda hotspot, regional cooling subsidence
occurred in the late Cretaceous allowing inundation of the landscape by the Gulf of Mexico, the
Mississippi river to reverse flow direction from north to south, and formation of the southwestplunging Mississippi Embayment trough (Cox and Van Arsdale, 2002) (Fig. 13). The regional
subsidence and marine transgression resulted in deposition of late-Cretaceous to Paleogene
sediments (Cox and Van Arsdale, 2002). The Late Cretaceous units include the Coffee,
Demopolis, McNairy Sand, and Owl Creek formations that consist of shallow-marine to fluvialdeltaic deposits made of marls, chalk, clays, sands, and lignite (Fig. 10) (Cushing et al., 1964;
Crone, 1981; Van Arsdale and Tenbrink, 2000; Parrish and Van Arsdale, 2004; Van Arsdale,
2009; Martin and Van Arsdale, 2017). The overlying Paleogene units are differentiated into
marine to fluvial-lacustrine deposits of the Paleocene Midway Group, the Eocene Wilcox Group,
the Claiborne Group, and the Eocene-Oligocene Jackson Formation (Fig. 10). The Paleogene
sediments encompass a series of aquifers and aquitards including the well-known Memphis Sand

17

aquifer which supplies drinking water to the region (Crone, 1981; Martin, 2008; Martin and Van
Arsdale, 2017). The Jackson Formation is locally exposed along the Mississippi

Figure 11. Track of the Bermuda hotspot (lower, yellow dashed-line) and the formation of the
Mississippi embayment (white, dashed-line). Cambrian rift faults (yellow, curved-lines) exist beneath
the Mississippi embayment (from Van Arsdale and Cox, 2007).
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Figure 12. Schematic cross-section and oblique perspective illustrating the North American
Plate passing over the Bermuda hotspot (red), the intrusion of plutons, and the formation of the
Mississippi Embayment (from Van Arsdale and Cox, 2007).
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Figure 13. Digital Elevation Model of the Central Mississippi River Valley and the Mississippi
Embayment. Precambrian rock is shown in orange, blue and purple colors are Paleozoic rocks,
and green, yellow, and gray colors are Late Cretaceous and younger sediments. Cities
represented by red initials include: C–Cairo, Illinois; M–Memphis, Tennessee; BR–Baton
Rouge, Louisiana; LR–Little Rock, Arkansas; and NO–New Orleans, Louisiana. Features
represented by yellow initials include: A–Appalachian Mountains; O–Ouachita Mountains; OZOzark Mountains; and ND–Nashville dome (from Van Arsdale, 2009).
20

River bluffs and underlies the Pliocene Upland Complex (Hardeman, 1966; Van Arsdale et al.,
2007). The Upland Complex is a high-level fluvial deposit composed of ferruginous sand and
gravel of the ancestral Mississippi River system and is covered by Pleistocene loess (Potter,
1955a, 1955b; Saucier, 1994; Van Arsdale et al., 2007; Van Arsdale, 2009; Van Arsdale and
Cupples, 2013; Cox et al., 2014; Cupples and Van Arsdale, 2014; Lumsden et al., 2016).
Pleistocene terraces of three different ages have been identified along the Obion and Forked Deer
Rivers. From youngest to oldest, they are named Finley (~ 22 ka), Hatchie (> 65 ka), and
Humboldt (> 65 ka), and consist of loess overlying overbank silt and clay above fluvial sand and
gravel (Saucier, 1987, 1994; Rodbell, 1996). In the northern Mississippi Embayment, the Upland
Complex disconformably overlies Eocene formations and is disconformably overlain by
Pleistocene loess (Lumsden et al., 2016). The Mississippi River lowland floodplain is made up
of Pleistocene and Holocene sediments comprised of overbank clay and silt, natural levee sand,
crevasse splay sand and silt, point bar sand, and fluvial channel sandy gravel deposited by
migrating meander scrolls (Cushing et al., 1964; Crone, 1981; Saucier, 1987, 1994; Guccione et
al., 2002; Rittenour et al., 2007, Csontos and Van Arsdale, 2008; Van Arsdale, 2009) (Fig. 14).

21

Figure 14. Generalized cross-section of the Mississippi River floodplain and adjacent upland
area in Lake and Obion Counties, Tennessee. Age of Upland Complex is from Odum et al.
(2020) and age of loess is from Pigati et al. (2015) and Markewich et al. (1998; 2011).
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2.2 Faulting and Seismicity within the NMSZ and Dyer County
The NMSZ earthquakes occur along rift faults at depths between 4-14 km within the
Cambrian and Precambrian sections (Chiu et al., 1992; Pujol et al., 1997). The north segment of
the NMSZ is the New Madrid North Fault (NMNF) which is a near-vertical, NE-striking,
dextral, strike-slip fault and is responsible for the January 23rd, 1812 M 7.3 earthquake
(Weathers and Van Arsdale, 2019) (Fig. 5). Subsurface mapping using seismic reflection
techniques and borehole data extends the NMNF through Mississippi County, Missouri (Pryne et
al., 2013, Van Arsdale et al., 2013). The west-trending arm of the NMSZ is a left-lateral, strikeslip fault and is known as the Risco fault (RF) (New Madrid West fault) (Csontos et al. 2008)
(Fig. 5).
The most seismogenic faults of the NMSZ are the Axial Fault (AF), which trends down
the center of the Reelfoot rift, and the southwest-dipping Reelfoot reverse fault, which extends
southeast from New Madrid, Missouri to near Dyersburg, Tennessee (Van Arsdale et al., 1999;
Csontos and Van Arsdale, 2008) (Fig. 5). The AF, which is responsible for the December 16 th,
1811 M 7.5, is the southwestern arm of the NMSZ and is a near-vertical NE-striking, dextral,
strike-slip fault defined by seismicity and seismic reflection (Johnston and Schweig, 1996;
Csontos and Van Arsdale 2008; Csontos et al., 2008; Magnani and McIntosh, 2009; Guo et al.,
2014; Mangnani et al., 2017). The AF bisects the northwest-striking Reelfoot fault into two
segments, the Reelfoot North Fault (RNF) and the Reelfoot South Fault (RSF) (Fig. 5). From the
shallow subsurface to ~ 4 km depth, both segments have a steep southwest dip of ~72 degrees.
However, below ~4 km the RNF dips ~ 30 degrees SW and the RSF dips ~ 44 degrees SW (Chiu
et al., 1992; Champion et al., 2001; Csontos and Van Arsdale, 2008; Greenwood et al., 2016).
Deformation in the hanging wall of the Reelfoot fault resulted in the Lake County Uplift (LCU)
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and the Tiptonville Dome (TD) (Fig. 3). Uplift of the Tiptonville Dome and subsidence of the
Reelfoot Lake basin in 1811-1812 dammed the west-flowing Reel Foot River and formed
Reelfoot Lake (Fig. 3) (Stahle et al., 1992; Van Arsdale et al., 1999).
The RNF scarp monocline is a surface expression of a west-dipping reverse fault that lies
within the left-stepping restraining bend between the AF and NMNF dextral strike –slip faults of
the NMSZ (Russ, 1982; Crone and Brockman; 1982; Sexton and Jones, 1986; Chiu et al., 1992;
Kelson et al., 1992; 1996; Schweig and Ellis, 1994). Trench excavations across the RNF scarp
reveal an east-facing monocline with minor normal faulting as well as a reverse fault at the base
of the trench (Kelson et al., 1996). Therefore, the scarp is the eastern limb of a fault-propagation
fold that bounds the eastern margin of the TD and the western margin of the Reelfoot lake basin
(Van Arsdale et. al. 1995, 1998; Kelson et al., 1996, Weathers and Van Arsdale, 2019, Van
Arsdale et al., 2013) (Fig. 3). Northern continuation of the Reelfoot scarp is supported by
anomalously high ground in Kentucky (Washpan Ridge) and Missouri (Lewis Prairie) in addition
to coring and seismic reflection data (Stearns, 1979; Van Arsdale et al. 1995, Odum et al., 1998;
Harris et al., 1998). Thus, the LCU and Reelfoot scarp are currently mapped with a total length
of 32 km. However, the presence of ongoing seismicity suggests that the LCU and Reelfoot fault
continue an additional 25 km southeast into Dyer County (Fig. 5). Additionally, the Reelfoot
fault is projected to cross the Obion River at Lane, Tennessee, where historical records reveal
that a temporary lake formed in 1812 (Van Arsdale et. al. 1999).
An east-west, mini-sosie seismic reflection survey (Van Arsdale et al., 1999) along the
southern margin of Reelfoot Lake revealed displacement of the RSF. The RSF displaces the top
of the Paleozoic by 70 m, the Cretaceous by 60 m, the Midway Group by 40 m, the Wilcox
Group by 30 m, and the Eocene/Quaternary unconformity by 15 m (Purser, 1996; Purser and
24

Van Arsdale, 1998; Van Arsdale et al., 1998). Immediately southeast of Reelfoot Lake at the
Mississippi River bluffs, the RSF displaces the top of the Paleozoic 65 m, the Cretaceous 40 m,
the Midway Group 31 m, the Wilcox Group 20 m, and the Memphis Sand 16 m (Greenwood et
al., 2016). Displacement of Quaternary stream terraces and Upland Complex in Obion County at
this same loaction suggests that uplift occurred in both the Mississippi River floodplain and in
the Mississippi River Bluffs uplands (Greenwood, 2016; Greenwood et al., 2016).
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3. METHODS
3.1 Data Collection
Surface elevation of Dyer County was derived from a 1-meter resolution bare-earth
LiDAR point cloud Digital Elevation Model (DEM) data sourced from the USGS 3-D Elevation
Program (Fig. 15). Environmental Systems Research Institute (ESRI) shapefiles of the terraces
along the Obion and Forked Deer River were obtained from previously published maps (Saucier,
1994; Rodbell, 1996) and previously unidentified terraces were mapped in this study. The
subsurface stratigraphy and structure of Dyer County were mapped using lithological logs and
seismic reflection data. The lithological logs were collected from the Tennessee Department of
Environmental Conservation (TDEC), Tennessee Department of Transportation (TDOT), United
States Army Corps of Engineers (USACE), Center for Applied Earth Science and Engineering
Research (CAESER), and North American Coal Company lignite exploration logs housed in
CAESER (Appendix A). The lignite exploration logs contain lithologic information to depths ~
91 m. The additional boring depths are ~ 9 - 61 m for USACE wells, ~ 9 – 30 m for TDOT, 18 –
37 m for TDEC residential and irrigation wells, 213 – 244 m for TDEC municipal wells, and 549
– 914 m for the petroleum exploration wells. Seismic reflection elevation data of the tops of the
Paleozoic and Cretaceous strata were obtained from publications by Parrish and Van Arsdale
(2004), Van Arsdale et al. (1998), Csontos and Van Arsdale (2008), Guo et al. (2014), and
Greenwood et al. (2016). Approximately 13 km of Dow Chemical seismic reflection line
information was not in a publication. In this instance, the depth to stratigraphic tops were
converted from two-way travel times using published interval velocities (Purser, 1996). The
depths to stratigraphic tops were then converted to elevation relative to sea level. Earthquake
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focal depths and locations were exported from the CERI New Madrid Earthquake catalog (Fig.
5).

Figure 15. 1-meter resolution DEM topographic relief map of Dyer County with high elevations
shown in white and low elevations shown in gray. The city of Dyersburg is outlined in red and
the county highways are shown in yellow. Well symbols identify data source.
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3.2 Data Interpretation and Entry
The stratigraphic picks of the tops of the Upland Complex, Finley, Hatchie, and
Humboldt river terrace sand and gravel, active floodplain sand and gravel, and Eocene units were
interpreted from the lithological borings. Stratigraphic tops of the Cretaceous and Paleozoic
strata were interpreted from the seismic reflection data and petroleum exploration wells. All data
including top of the unit elevations and thicknesses were compiled into Excel 2019 spreadsheets
(Appendix A). The spreadsheets contained units of measurements in both feet (ft.) and meters
(m) and locations of boreholes in both Decimal Degrees (GCS WGS 1984) and Universal
Transverse Mercator (PCS UTM NAD 1983 16N). Ground Surface elevations of the boreholes
and seismic reflection shot points were extracted from the 1-meter resolution DEM using
ArcMap 10.7 3D Analyst tools.
3.3 Surface Geologic Map
The 1-meter resolution DEM is the base map upon which Dyer County near-surface
geology was mapped. The 1- meter resolution DEM TIFF file was imported into ArcMap 10.7
from which the Spatial Analyst (Raster Calculator) tool was used to calculate and geologically
differentiate the surface of Dyer County into three mapping units; Lowlands (< 82 m),
Intermediate (82-107 m), and Uplands (>107 m) (Figs. 16 and 17). The ESRI shapefiles of river
terraces mapped along the Obion and Forked Deer Rivers were imported into ArcMap 10.7 and
incorporated in the surface geologic map. The terrace shapefiles are delineated by age. From
lowest to highest, the terraces are Finley (~ 22 ka), Hatchie (> 65 ka), and Humboldt (> 65 ka)
(Saucier, 1994; Rodbell, 1996). Average surface elevations, loess thickness, and sand and gravel
thickness were calculated using the ESRI shapefiles of previously mapped terraces coupled with
the ArcMap 3D Analyst tool and lithological borings. This lithological information and the DEM
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were used as criteria for identifying and digitizing additional terraces along the Forked Deer
Rivers that fell within the intermediate classification.

Figure 16. Surface geologic map of Dyer County with the lowlands in yellow, intermediate in
gray, and uplands in blue. The uplifted Mississippi River Floodplain is shown in tan. The Finley
(green), Hatchie (pink), Humboldt (brown) terraces are shown along the Obion and Forked Deer
Rivers (Saucier, 1994; Rodbell, 1996). The border of Dyersburg is shown in red and the county
highways are in orange.
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Figure 17. General geologic cross-section illustrating the near- surface geology beneath the
Lowland, Intermediate, and Upland surfaces in Dyer County.
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3.4 Structure Contour Maps
Excel spreadsheets containing borehole and seismic reflection elevation data for the tops
of the Eocene, Cretaceous, and Paleozoic geologic units were imported into ArcMap 10.7.
Unfaulted structure contour maps of the tops of the Eocene, Cretaceous, and Paleozoic geologic
units were interpolated using the ArcMap 10.7 Spatial Analyst tool Natural Neighbor algorithm
(Figs. 18A-20A). The Natural Neighbor algorithm was chosen over alternative methods such as
Inverse Distance Weighted (IDW) or Kriging because the interpolated elevations are guaranteed
to be within the range of input values (Sibson, 1981; Pryne, 2012). The Natural Neighbor
algorithm works by choosing the closest subset of input samples to a query point and applying
weights to them based on proportionate areas to interpolate a value (Sibson, 1981). This means
that the output surface only passes through the input points and is smooth everywhere else,
reducing the possibility of producing features that do not exist (Sibson, 1981).
Faulted structure contour maps of the tops of the Eocene, Cretaceous, and Paleozoic
geologic units were also produced in ArcMap 10.7 (Figs. 18B-20B) using the Spline with
Barriers Spatial Analyst tool. Like the Natural Neighbor algorithm, the Spline with Barriers
interpolation method was chosen over alternative methods such as IDW or Kriging because the
algorithm requires the output surface to pass exactly through the input points. The Spline with
Barriers algorithm uses a minimum curvature mathematical function while honoring
discontinuities encoded in both the input barriers (faults) and the input point data (Briggs, 1974).
Shapefiles (polylines) were used as barriers and constructed to represent the faults mapped in
Dyer County, which were defined by Parrish and Van Arsdale (2004), projected from Weathers
and Van Arsdale (2019), and interpreted from the top of the Eocene geologic surface mapping
(Fig. 18A) conducted in this study.
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3.5 Cross-Sections
A generalized cross-section above the Eocene section of Dyer County was made in
Adobe Illustrator 2019 using average thicknesses of each geologic unit (Fig. 17). This was
calculated using the Excel 2019 spreadsheets of the lithological borings and derived thickness
data.
A 10-meter resolution LiDAR DEM, and the structure contour map rasters produced and
exported as TIFF files from ArcMap 10.7, were imported into Surfer 18.1.186 Golden Software.
The DEM and subsurface rasters were projected in UTM NAD 1983 16N to construct crosssections (Figs. 21-29). All cross-sections were made in Surfer 18.1.186 Golden Software using
the profile tool, which creates cross-sections of the stacked DEM and subsurface rasters from
manually drawn trace lines. The Surfer 18.1.186 Golden Software profile tool allows the user to
manually adjust parameters such as the location, distance, and vertical exaggeration while
recreating the cross-section in real-time. Therefore, this tool was the preferred method for
generating cross-sections in this research.
3.6 Isopach Maps
Isopach maps were made of the of the Quaternary lowland (< 82 m) alluvium with a
contour interval of 5 m and Quaternary lowland uppermost silt and clay portion of the
Quaternary alluvium with a contour interval of 2 m (Fig. 30). This was done by importing the
Lowland Excel 2019 spreadsheets containing the borehole stratigraphic picks with sediment
thicknesses into ArcMap 10.7. The Spatial Analyst tool and Natural Neighbor algorithm were
used to interpolate sediment thickness in meters and was masked to the Lowlands (< 82 m)
mapping unit.
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3.7 Dyer County 3-D Geologic Model
The 10-meter resolution DEM, surface geologic map, and faulted structure contour
surface TIFFS of the Eocene, Cretaceous, and Paleozoic geologic units were imported into
ArcScene 10.7
and projected in UTM NAD 1983 16N to preserve the geometry of the subsurface features. For
the stacked surface model (Fig. 31 and Appendix B), the DEM and faulted structure contour
surfaces were layered by elevation and given a vertical exaggeration of 15. For the block model
(Fig. 32 and Appendix B), each surface raster was converted to triangulated irregular network
(TIN) surfaces using the ArcScene 10.7 3D analyst tool (Raster to TIN). Thereby, the
interpolation zone of the input raster was honored in the output TIN. This enabled geologic unit
blocks to be made between each surface using the ArcScene 10.7 Extrude Between 3D analyst
tool. 3D blocks were made of the Quaternary, Paleogene, and Cretaceous geologic units and
vertically stacked by elevation relative to mean sea level. ESRI shapefiles (polylines) of the
faults were imported into ArcScene 10.7 and projected through each block using the Extrude
Between 3D analyst tool. The model illustrates the geology and structure of Dyer County in
pseudo three-dimensional space with 15x vertical exaggeration.
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4. RESULTS
4.1 Surface Geologic Map
The surface geologic map of Dyer County (Fig. 16) illustrates the three mapping units
that are defined by elevation and near-surface geology in this study. The Lowland unit is at an
elevation of < 82 m and consists of Holocene (< 12 ka) river floodplain alluvium made up of silt
and clay overbank sediment overlying laterally accreted sand and gravel (Saucier, 1994;
Rittenour et al., 2007). The area mapped as uplifted floodplain (Fig. 16) is 1-2 m higher than the
Lowlands alluvium, which may be tectonically uplifted Holocene floodplain on the Lake County
uplift or a low-level Pleistocene terrace of the Mississippi River. The Intermediate unit is
mapped between elevations of 82 - 107 m and consists of Obion and Forked Deer river terraces
and areas where loess overlies Eocene strata. The terraces are mapped from topographically
highest to lowest as Humboldt (96 - < 102 m), Hatchie (94 - < 96 m), and Finley (82 - < 94 m)
(Saucier, 1987; Rodbell, 1996). The terraces are overlain by loess, which overlies silt and clay
overbank sediment and laterally accreted sand and gravel sediment that is ~22 ka (Finley) and >
65 ka (Hatchie and Humboldt) (Fig. 17). In this research, additional Humboldt, Hatchie, and
Finley terraces were identified and mapped along the north and south forks of the Forked Deer
River. The upland unit (> 107 m) is loess-covered Upland Complex terrace sand and gravel of
the ancestral (~ 3.6 Ma) Mississippi/Ohio river system (Van Arsdale et al., 2007; Odum et al.,
2020). Figure 17 depicts the average unit surface elevations and their thicknesses from values
measured throughout the county.
4.2 Structure Contour Maps
Faulted and unfaulted structure contour maps were made of the tops of the Eocene (Fig.
18), Cretaceous (Fig. 19), and Paleozoic (Fig. 20) geologic units. The data distribution and
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unfaulted surface of the top of the Eocene strata (Fig. 18A) displays significant subsurface relief
resulting from structural deformation and erosion by the Mississppi, Obion, and Forked Deer
rivers. The faults and faulted surface of the top of the Eocene strata (Fig. 18B) reveal three
significant structures. The two northwest-trending structural highs passing beneath Dyersburg
are a continuation of the Lake County Uplift and Tiptonville Dome (Fig. 3) extending south from
Lake and Obion County. East of Dyersburg is a southwest-trending depression that may be a
paleochannel but is more likely a graben formed during post-Eocene reactivation of the
southeastern Reelfoot rift margin faults.
The unfaulted structure contour map of the top of the Cretaceous reveals a westerlysloping surface (Fig. 19A). The faulted surface of the top of the Cretaceous (Fig. 19B) illustrates
two down-to-the-west faults beneath the southeast-trending Eocene depression along the
southeastern Reelfoot Rift margin. A structural high underlies the Tiptonville Dome but a
structural low underles the western side of the Lake County Uplift. The data distribution for the
Paleozoic surface (Fig. 20A) is similar that of the Cretaceous. However, there are fewer borings.
Both the faulted and unfaulted structure contour maps of the top of the Paleozoic surface reveal
similar stratigraphic highs and lows and fault displacement as the Cretaceous surface (Figs. 19
and 20).
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Figure 18A. Unfaulted structure contour map of the elevation of the top of the Eocene with
respect to sea level with drill hole locations as dots. Elevation highs are shown in red and lows
are green.
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Figure 18B. Faulted structure contour map of the elevation of the top of the Eocene with respect
to sea level with faults as bold lines. LCUB – Lake County uplift backthrust, TDB – Tiptonville
dome backthrust, RSF – Reelfoot South fault. Elevation highs are shown in red and lows are
green.
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Figure 19A. Unfaulted structure contour map of the elevation of the top of the Cretaceous with
respect to sea level with seismic reflection shot points (green dots) and borings (red squares).
Line labels refer to Dow Chemical seismic line designations. Elevation highs are shown in
brown and lows are blue.
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Figure 19B. Faulted structure contour map of the elevation of the top of the Cretaceous with
respect to sea level with faults (bold lines). LCUB – Lake County uplift backthrust, TDB –
Tiptonville dome backthrust, RSF – Reelfoot South fault. Elevation highs are shown in brown
and lows are blue.
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Figure 20A. Unfaulted structure contour map of the elevation of the top of the Paleozoic with
respect to sea level with seismic reflection shot points (blue dots) and borings (red squares). Line
labels refer to Dow Chemical seismic line designations. Elevation highs are shown in red and lows
are in blue.
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Figure 20B. Unfaulted structure contour map of the elevation of the top of the Paleozoic with
respect to sea level with faults (bold lines). LCUB – Lake County uplift backthrust, TDB Tiptonville dome backthrust, RSF – Reelfoot South fault. Elevation highs are shown in red and
lows are shown in blue.
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4.2.1 Cross-Sections
Cross-sections were generated from the structure contour maps (Fig. 21). Cross-section
A-A’, B-B’, and C-C’ extend across Dyer County approximately perpendicular to the faults
(Figs. 21-24). The cross-sections were developed in two parts: 1) unfaulted tops of the Eocene,
Cretaceous, and Paleozoic, and 2) faulted tops of the Eocene, Cretaceous, and Paleozoic. Three
of the cross-sections illustrate the lowlands surface silt and clay, lowlands sand and gravel, loess,
terrace sand and gravel, upland complex, and Paleogene geologic units with a vertical
exaggeration of 25. The other three cross-sections illustrate the surface geology to the Paleozoic
strata with a vertical exaggeration of 10. Two cross-sections were made at D-D’, extending along
Dow Chemical seismic reflection line 5EB (Figs. 20A, 21, and 25). One of which depicts the
lowlands surface silt and clay, lowlands sand and gravel, loess, and terrace sand and gravel with
a vertical exaggeration of 25. The other, displays the surface to the Paleozoic strata with a
vertical exaggeration of 10. Four Quaternary cross-sections E-E’ through H-H’ are located on
Forked Deer River terraces of different ages in the southeastern corner of the county (Figs. 21,
26-29). Each terrace cross-section has downstream to the northwest on the left sides of the
figures, and illustrates loess, terrace sand and gravel, and Eocene geologic units with a vertical
exaggeration of 25.
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Figure 21. DEM map of Dyer County showing the locations of cross-sections A-A’- H-H’
across the projected faults (bold red lines). Cross-Sections A-A’, B-B’, C-C’ (yellow lines)
extend across the northwest-trending LCU/TD and the northeast-trending Reelfoot Rift margin
faults. Dow Chemical seismic reflection line 5EB shot points are shown as blue dots and mark
the location of cross- section D-D’, which crosses previously interpreted faults (orange lines).
Cross-Sections E-E’ to H-H (yellow lines) are on Forked Deer River terraces; Finley (green),
Hatchie (pink), and Humboldt (brown).
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4.2.1.1 Cross-Section A-A’
Cross-section A-A’ in northern Dyer County, crosses over the projected north-trending
LCUB, TDB, and RSF, and northeast-trending Reelfoot Rift margin faults (Figs. 21 and 22). In
Figure 22A, the unfaulted top of the Eocene strata and fault locations from Figure 21 are
illustrated. In the western half of the LCU the Mississippi River has eroded the top of the
Eocene. Figure 22B reveals a down-to-the-west trend in the tops of the Cretaceous and Paleozoic
elevations. Figures 22C and 22D are the faulted interpretations of cross-section A-A’ showing
the LCUB, down-to-the-west TDB, down-to-the-east RSF, and the graben on the top of the
Eocene located between ~ 25,000 m and ~ 30,000 m cross-section locations. Figure 22D
illustrates down-dropped Cretaceous and Paleozoic beneath the western half of the LCU, uplift
of the TD, and down-to-the-west displacement of the two Reelfoot Rift margin faults.
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Figure 22A and 22B. Cross-Section A-A’ (unfaulted). A) Quaternary Lowlands overbank
silt/clay (light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light
green), Upland Complex (dark blue), and the Paleogene (tan). LCU - Lake County uplift; TD –
Tiptonville dome; LCUB - Lake County uplift backthrust; TDB – Tiptonville dome backthrust;
RSF – Reelfoot South fault. B) Quaternary and Paleogene colored as listed above, Cretaceous
(dark green), and the Paleozoic (brown).
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Figure 22C and 22D. Cross-Section A-A’ (faulted). C) Quaternary Lowlands overbank silt/clay
(light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light green),
Upland Complex (dark blue), and the Paleogene (tan). LCUB - Lake County uplift backthrust;
TDB – Tiptonville dome backthrust; RSF – Reelfoot South fault. D) Quaternary and Paleogene
colored as listed above, Cretaceous (dark green), and the Paleozoic (brown).
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4.2.1.2 Cross-Section B-B’
Cross-Section B-B’ is located in the central portion of the county and begins in the
Mississippi River floodplain and passes east through an alluvial fan as it enters the Uplands
mapping unit. Top of the Eocene strata in Figure 23A reveals apparent southeastern continuation
of the LCU/TD and southwestern continuation of the Reelfoot rift margin graben. Figure 23B
depicts a down-to-the-west trend in elevations of the Cretaceous and Paleozoic strata. Figures
23C and 23D are the faulted interpretations of cross-section B-B’, which reveal the same senses
of displacement across the faults as seen in cross-section A-A’ (Fig. 22).
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Figure 23A and 23B. Cross-Section B-B’ (unfaulted). A) Quaternary Lowlands overbank
silt/clay (light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light
green), Upland Complex (dark blue), and the Paleogene (tan). LCU - Lake County uplift; TD –
Tiptonville dome; ALF – Alluvial fan; LCUB - Lake County uplift backthrust; TDB –
Tiptonville dome backthrust; RSF – Reelfoot South fault. B) Quaternary and Paleogene colored
as listed above, Cretaceous (dark green), and the Paleozoic (brown).
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Figure 23C and 23D. Cross-Section B-B’ (faulted). C) Quaternary Lowlands overbank silt/clay
(light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light green),
Upland Complex (dark blue), and the Paleogene (tan). LCUB - Lake County uplift backthrust;
TDB – Tiptonville dome backthrust; RSF – Reelfoot South fault. D) Quaternary and Paleogene
colored as listed above, Cretaceous (dark green), and the Paleozoic (brown).
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4.2.1.3 Cross-Section C-C’
Cross-Section C-C’ begins in the Mississippi River floodplain and passes southeast
through terraces and floodplain of the Forked Deer River in the southeastern corner of the county
(Figs. 21 and 24). This cross-section is located south of the termination of the RSF and TD, but
appears to cross the Reelfoot rift margin faults. A graben is evident at the top of the Eocene and
down-to-the-west faults on the tops of the Cretaceous and Paleozoic between ~27,500 m and ~
33,000 m distance on the cross-section.
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Figure 24A and 24B. Cross-Section C-C’ (unfaulted). A) Quaternary Lowlands overbank
silt/clay (light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light
green), Upland Complex (dark blue), and the Paleogene (tan). LCUB - Lake County uplift
backthrust. B) Quaternary and Paleogene colored as listed above, Cretaceous (dark green), and
the Paleozoic (brown).
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Figure 24C and 24D. Cross-Section C-C’ (faulted). C) Quaternary Lowlands overbank silt/clay
(light blue), Lowlands point bar sand/gravel (yellow), loess (purple), terrace (light green),
Upland Complex (dark blue), and the Paleogene (tan). LCUB - Lake County uplift backthrust.
D) Quaternary and Paleogene colored as listed above, Cretaceous (dark green), and the Paleozoic
(brown).
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4.2.1.4 Cross-Section D-D’
Cross-Section D-D’ is located along the previously interpreted Dow Chemical seismic
reflection line profile 5EB (Fig. 20A) and crosses terraces of the Forked Deer River (Figs. 21 and
25). The faults that were previously interpreted to have displaced the Paleozoic and Cretaceous
strata (Parrish and Van Arsdale, 2004) are shown in Figure 25B and are projected up section in
Figure 25A.
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Figure 25A. Cross-Section D-D’ of seismic line 5EB (Figs. 20A and 21). A) The Quaternary
lowlands silt/clay (light blue), lowlands sand/gravel (yellow), loess (purple), terrace (light
green), Upland Complex (dark blue) and the Paleogene (tan). B) Quaternary and Paleogene
colored as listed above, Cretaceous (dark green), and Paleozoic (brown). Locations of Forked
Deer River terraces are marked by name; Finley, Hatchie, and Humboldt.

54

Figure 25B. Dow Chemical seismic line 5EB interpretation (from Parrish and Van Arsdale,
2004), located in Figures 20A and 21.
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4.2.1.5 Cross-Section E-E’
Cross-Section E-E’ is located across a Humboldt terrace of the Forked Deer River and is
oriented northwest-southeast (downstream to NW) (Figs. 21 and 26). The two faults in Figure 26
were projected from previously interpreted faults on Dow Chemical seismic reflection lines
where the top of the Eocene strata reveals the same sense of down-to-the-west displacement
(Parrish and Van Arsdale, 2004). Between 1,000 m and 1,500 m distance in Figure 26, ~13 m of
apparent up-to-the-west displacement has occurred on the Eocene strata and terrace sand and
gravel.

Figure 26. Cross-Section E-E’ shows the loess (purple), Humboldt terrace sand and gravel
(green), and Paleogene (tan). Cross-section located in Figure 21.
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4.2.1.6 Cross-Section F-F’
Cross-Section F-F’ is located on a Hatchie terrace of the Forked Deer River and is
oriented northwest (left) to southeast (downstream to NW) (Figs. 21 and 27). The westernmost
fault was projected from a fault in cross-section D-D’ where the top of the Eocene strata revealed
the same sense of displacement. The central fault shows down-to-the-west displacement of the
Eocene strata where cross-section F-F’ crosses the easternmost Reelfoot Rift margin fault. The
easternmost fault in cross-section F-F’ is interpreted to be the easternmost fault in cross section
E-E’ (Fig. 26).

Figure 27. Cross-Section F-F’ shows the loess (purple), Hatchie terrace sand and gravel (green),
and Paleogene (tan). Cross-section located in Figure 21.
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4.2.1.7 Cross-Section G-G’
Cross-section G-G’, which is located across a Humboldt terrace of the Forked Deer River
is oriented northwest (left) to southeast (downstream to NW). Cross-Section G-G’ crosses the
easternmost fault depicted in cross-sections E-E’ (Fig. 26) and F-F’ (Fig. 27). Figure 28 shows
the fault appears to displace both the Eocene strata and Humboldt terrace sand and gravel.

Figure 28. Cross-Section G-G’ shows the loess (purple), Humboldt terrace sand and gravel
(green), and Paleogene (tan). Cross-section located in Figure 21.
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4.2.1.8 Cross-Section H-H’
Cross-Section H-H’ is located across a Finley terrace of the Forked Deer River and is
oriented northwest (left) to southeast (downstream to NW). This cross-section crosses the eastern
most, down-to-the-west Reelfoot rift margin fault (Fig. 21). Figure 29 shows the fault appears to
displace both the Eocene strata and overlying Finley sand and gravel terrace alluvium.

Figure 29. Cross-Section H-H’ shows the loess (purple), Finley terrace sand and gravel (green),
and Paleogene (tan). Cross-section located in Figure 21.
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4.3 Isopach Maps
Isopach maps of the Lowlands Quaternary floodplain alluvium show variation in
sediment thicknesses (Fig. 30). The Quaternary floodplain alluvium consists of two layers; a
surface silt and clay layer with an average thickness of 8 m and an underlying sand and gravel
layer with an average thickness of 30 m. The isopach maps of the uppermost silt and clay layer
(Fig. 30A) and the entire Quaternary floodplain alluvium (Fig. 30B) are thickest within the
Mississippi river floodplain and lowest within the tributary Obion and Forked Deer River
floodplains.
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Figure 30A. Isopach of the uppermost silt and clay portion of the Quaternary alluvium in Dyer
County.
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Figure 30B. Isopach of the Quaternary alluvium in Dyer County.
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4.4 Dyer County 3-D Geologic Model
Two 3-D geologic models from the land surface to the top of the Paleozoic of Dyer
County are illustrated in Figures 31 and 32 and as animations in Appendix B. The stacked 3-D
model in Figure 31 shows the 10-meter resolution DEM, and the faulted tops of the Eocene
(blue), Cretaceous (green), and Paleozoic (purple), layered by elevation (m) with a vertical
exaggeration of 15. Figure 32, shows the surface geologic map (Fig. 16) layered onto a 10-meter
resolution lidar DEM to depict the ground surface topography, and the thicknesses of the
Quaternary alluvium (yellow), Paleogene (tan), and Cretaceous (green) geologic sections. The
faults are extruded as vertical planes from the Paleozoic through the surface to demonstrate
where they are located in the county.
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Figure 31. NE-looking oblique view of the 3-D surface to the Paleozoic geologic model of Dyer
County developed in ArcScene 10.3.1. Surface DEM (color ramp in bottom right), faulted tops
of Paleogene (blue), Cretaceous (green), and Paleozoic (purple) shown as stacked layers based
on elevation (m). Vertical exaggeration = 15. Animation in Appendix B.
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Figure 32. NE-looking oblique view of the surface geology to the base of the Cretaceous/top of
the Paleozoic 3-D block Model of Dyer County developed in ArcScene 10.3.1. The Quaternary
(yellow), Paleogene (tan), and Cretaceous (green) are shown beneath the surface geologic map.
Faults are shown as gray vertical planes. Vertical exageration = 15. Animation in Appendix B.
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5. DISCUSSION
5.1 Surface Geologic Map
The surface geologic map of Dyer County (Fig. 16) reveals the Quaternary geologic
history of the county. The Upland Complex terrace was formed by the ancestral Mississippi/Ohio
river system ~3.6 Ma (Van Arsdale et al., 2007; Cupples and Van Arsdale, 2014; Cox et al.,
2014; Odum et al., 2020) and is mapped at elevations > 107 m in Dyer County. Incision through
the Upland Complex began in the early Pleistocene with growth of continental ice sheets and
resultant lower sea levels while up to four layers of loess were deposited (Saucier, 1994; Van
Arsdale et al., 2007). In Dyer County, Rodbell (1996) identified Peoria loess (< 20 ka) covering
the Upland and Intermediate surfaces and Peoria loess with underlying Roxanna silt (loess) that
is > 65 ka on top of the floodplain alluvium of the Humboldt and Hatchie terraces. The
Humboldt terrace alluvium is overlain by > 65 ka loess (Fig. 17), indicating that the
Mississippi/Ohio river system entrenched > 65 ka (Cramer et al., 2020). Further entrenchment
occurred to form the Hatchie (> 65 ka) and Finley (~22 ka) terraces. In Dyer County, most of the
Lowlands are underlain by floodplain alluvium that is < 12 ka as a result of entrenchment of the
Mississippi, Obion, and Forked Deer Rivers (Cramer et al., 2020).
In northern Dyer County, an area of Lowland floodplain of the Mississippi River has
been mapped at elevations 2-3 m higher than the surrounding Holocene alluvium (Fig. 16). This
area is located directly above the LCU and is probably evidence of Holocene tectonic uplift.
However, it may also be a low-level Pleistocene terrace, but the elevation of this area does not
characterize it as a Finley terrace.
Terrace mapping along the Forked Deer River in this research has identified additional
terraces to those mapped previously by Saucier (1987;1984) and Rodbell (1996).
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5.2 Structure Contour Maps
The top of the Eocene structure contour maps (Fig. 18) reveals a north-trending structural
high, suggesting that the LCU and TD extend into Dyer County, well beyond what was
previously mapped in the adjacent Lake and Obion Counties (Weathers and Van Arsdale, 2019).
The low elevations in the western half of the county reveal where the Mississippi River has
eroded the Eocene strata. A series of northeast-aligned topographic lows in eastern Dyer County
is herein interpreted to be tectonically controlled due to the fact no through-flowing river exist in
this area (Figs. 16 and 18).
When inserting the faults identified on the Paleogene in the tops of the Cretaceous (Fig.
19B) and Paleozoic (Fig. 20B) structural relief is introduced. Both interpolated surfaces have a
structural low beneath the western portion of the LCU. This is interpreted to be a result of
tectonic inversion caused by changes in stress orientations. The down-to-the-west steps in
elevation in the eastern portion of the county supports the downward extension of the southwesttrending Reelfoot rift margin faults indicated in the top of the Paleogene (Fig. 18B).
5.2.1 Geologic Cross-Sections
A series of cross-sections were made of Dyer County (Fig. 21). Cross-Sections A-A’, BB’, and C-C’ (Figs. 22-24) extend west (left) to east across the county and include unfaulted and
faulted interpretations of the subsurface stratigraphy from the surface to the top of the Paleozoic.
Cross-Section D-D’ (Fig. 25) is a cross-section along Dow Chemical seismic reflection line 5EB
showing the surface to the top of the Paleozoic. Cross-Sections E-E’ to H-H’ (Figs. 26-29) are on
Forked Deer River terraces of different ages in the southeastern corner of the county and show
the surface to the top of the Paleogene.
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5.2.1.1 Cross-Section A-A’
Cross-Section A-A’ trends west-east across Dyer County (Fig. 21). The structural high on
the top of the Paleogene strata shown in the shallow, unfaulted cross-section A-A’ (Fig. 22A)
reveals the locations of the LCU, TD, and RSF. A structural low exists in the top of the
Paleogene over the western portion of the LCU where the Mississippi River has carved away the
strata and deposited floodplain alluvium. A second Paleogene depression overlies the northeasttrending Reelfoot rift margin faults (Figs. 18-22). Figure 22B reveals a down-to-the-west slope
of the Cretaceous and Paleozoic geologic units, with the greatest apparent displacement between
the LCUB and TDB. Figures 22C and 22D show the faulted interpretation of cross-section A-A’.
Figure 22D depicts the down-dropped Cretaceous and Paleozoic sections beneath the western
half of the LCU where Neogene tectonic inversion has been interpreted to have taken place. The
tectonic uplift of the TD is apparent in the Paleogene, Cretaceous, Paleozoic strata. A second
tectonic inversion appears to have taken place at the westernmost Reelfoot rift margin fault
where the top of the Paleogene has down-to-the-east displacement while the tops of the
Cretaceous and Paleozoic show down-to-the-west displacement.
5.2.1.2 Cross-Section B-B’
Cross-Section B-B’ crosses easterly through the central portion of Dyer County
beginning in Mississippi River floodplain and into the Uplands. In Figure 23A, it is apparent that
the LCU and TD exists in this part of the county. Additionally, a top of the Paleogene depression
is evident between the Reelfoot rift margin faults. Figure 23B shows the same down-to-the-west
sloping Cretaceous and Paleozoic strata as in the northern part of the county. The faulted
interpretation (Figs. 23C and 23D) depict the same sense of displacement as shown in Figures
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22C and 22D supporting a southeastern continuation of the LCU, TD, RSF, and Reelfoot rift
margin faults.
5.2.1.3 Cross-Section C-C’
Cross-Section C-C’ is oriented northwest-southeast and extends across Dyer County from
the Mississippi River floodplain through several Pleistocene terraces on the Forked Deer River
(Fig. 21). The Paleogene structural low, bounded by the southeast Reelfoot rift margin faults, is
apparent in Figure 24A. Figure 24B shows a gradual northwest slope in the tops of the
Cretaceous and Paleozoic strata. The fault interpretations shown in cross-section C-C’ indicate
the same sense of displacement as illustrated in cross-sections A-A’ and B-B’, supporting the
interpretation that the previously mapped LCUB and southeast Reelfoot rift margin faults
continue into south-central Dyer County.
5.2.1.4 Cross-Section D-D’
A previous study by Parrish and Van Arsdale, (2004) provided deep fault interpretations
of Dow Chemical seismic line 5EB (Figs. 20A, 21, and 25). Top of the Quaternary and
Paleogene picks were herein added to their interpretation of Dow line 5EB. The previously
interpreted faults were projected to the top of the Paleogene where there is apparent
displacement. This interpreted deformation on the top of the Paleogene shown in Figure 25A
supports Neogene displacement.
5.2.1.5 Cross-Section E-E’
Cross-Section E-E’ is located on a Humboldt terrace of the Forked Deer River and is
oriented northwest (left) to southeast (Figs. 21 and 26). The central ~13 m of apparent
displacement seen in Figure 26 shows down-to-the-southeast displacement of the Paleogene and

69

Humboldt terrace sand and gravel. This up-to-the-northwest step is a downstream step up that
should only occur if the step is due to Quaternary faulting.
5.2.1.6 Cross-Section F-F’
Cross-Section F-F’ is located on a Hatchie terrace of the Forked Deer River and crosses
three faults that were previously interpreted at depth from Dow Chemical seismic reflection lines
143E and 5EB (Figs. 21 and 27) (Parrish and Van Arsdale, 2004). The three faults appear to
displace the top of the Paleogene. The southeasternmost fault in Figure 27 correlates with the
southeasternmost fault in Figure 26. Both figures show down-to-the-northwest displacement of
the Paleogene, which supports the projection of this fault from seismic lines 143E to 5EB.
5.2.1.7 Cross-Section G-G’
Cross-Section G-G’ is on a Humboldt terrace of the Forked Deer River (Figs. 21 and 28).
The down-to-the-northwest fault in Figure 28 correlates with the southeastern most fault shown
in Figures 26 and 27. However, in cross-section G-G’, the fault appears to have also displaced
the Humboldt terrace. Thus, this fault appears to have been active since deposition of the
Humboldt terrace sand and gravel.
5.2.1.8 Cross-Section H-H’
Cross-section H-H’ is on the Forked Deer River Finley terrace and crosses the
easternmost Reelfoot rift margin fault (Figs. 21 and 29). Local uplift of the tops of the Paleogene
strata and apparent down-to-the-northwest displacement of the Finley terrace sand and gravel is
evident in Figure 29. Displacement of the Finley terrace alluvium indicates faulting has occurred
< 22 ka.
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5.3 Isopach Maps
Figure 30A is an isopach map of the uppermost silt and clay layer of the Quaternary
floodplain alluvium in Dyer County. The surface silt/clay averages 8 m thick and is underlain by
liquefiable sand of the Mississippi, Obion, and Forked Deer river floodplains that averages 30 m
thick. Figure 30B is an isopach map of the entire Quaternary floodplain which reveals variation
in thickness due to rivers of different sizes and scour depths (Cramer et al., 2020).
5.4 Dyer County 3-D Geologic Model
The three-dimensional geologic models (Figs. 31, 32, and animations in Appendix B)
depict the surface and subsurface geology of Dyer County. Figure 31 and its animation show the
tops of the Eocene, Cretaceous, and Paleozoic faulted structure contour maps as stacked layers
beneath a 10-meter-resolution DEM. The model animation particularly highlights the LCU, TD,
RSF, and the two northeast-trending Reelfoot rift margin faults. A limitation of ArcScene is that
insertion of the fault planes into Figure 31 obscures the stratigraphic surfaces. Figure 32 and its
animation in Appendix B illustrates where the faults are located in Dyer County.
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6. CONCLUSIONS
DEMs, lignite exploration wells, water wells, US Army Corps of Engineers borings, and
previously interpreted Dow Chemical seismic reflection lines were used to map the surface and
subsurface geology of Dyer County. The surface geology reveals the Quaternary geologic history
of Dyer County with the formation of the Upland Complex, Humboldt, Hatchie, and Finley
terraces. The terrace mapping and cross-sections reveal evidence of faulted Humboldt terraces in
cross-sections E-E’ and G-G’ (Figs. 26 and 28), the Hatchie terrace in cross-section F-F’ (Fig.
27), and the Finley terrace in cross-section H-H’ (Fig. 29). Additionally, mapping of the
Mississippi River floodplain alluvium has revealed an area in the northern portion of the county
that is 2-3 m higher than the surrounding floodplain (Fig. 16). While this uplift could be a lowlevel Pleistocene terrace, it does not fall into the elevation criteria to be categorized as Finley
terrace. This 2-3 m high floodplain area overlies the Lake County uplift, and is herein interpreted
to be a result of Holocene uplift of the LCU.
The LCU/TD has been identified in the top of the Eocene, extending from Lake County,
southeast into Dyer County. The top of the Eocene strata also has a northeast-trending depression
that could be a paleochannel or a graben. Absence of surface stream erosion and projecting the
southeast Reelfoot rift margin faults from the Paleozoic to the top of the Eocene suggests the
depression is a graben on the Tertiary strata.
Previously interpreted northwest-trending faults of the LCU and TD and northeasttrending faults of the southeast Reelfoot rift margin displace the Paleozoic and Cretaceous in
Dyer County (Parrish and Van Arsdale, 2004). However, there appears to have been Tertiary
tectonic inversion on the western half of the LCU and the western basement fault of the
southeastern Reelfoot rift margin.
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The interpreted Quaternary faults in Dyer County demand additional study to document
Quaternary fault displacement and their seismic hazard level. This could be accomplished by
future shallow S-wave seismic reflection and ground penetrating radar surveys across the faults.
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APPENDIX A – MASTER SPREADSHEET
Appendix A is an Excel 2019 spreadsheet that contains the list of boring logs and seismic
reflection data used for mapping in this thesis. Each tab, labeled by geologic unit, includes
boring or shot point coordinates in GCS WGS 1984 and UTM NAD 1983 16N, elevations, and
thicknesses in both meters and feet. The first tab that appears when the appendix is viewed will
be the Quaternary to the top of Eocene data.
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APPENDIX B – DYER COUNTY 3-D GEOLOGIC MODELS
Appendix B contains two video presentations in several formats including pdf,
PowerPoint 2016 presentation, and mp4. The different formats are presented for wider access to
a viewing audience. The video presentations are of the two 3-D geologic models from the land
surface to the top of the Paleozoic of Dyer County (Figures 31 and 32). The first animation is of
the stacked 3-D model in Figure 31 which shows the 10-meter resolution DEM, and the faulted
tops of the Eocene (blue), Cretaceous (green), and Paleozoic (purple), layered by elevation (m)
with a vertical exaggeration of 15. The second animation is of the 3-D block model (Fig. 32)
which shows the surface geologic map (Fig. 16) layered onto a 10-meter resolution lidar DEM to
depict the ground surface topography, and the thicknesses of the Quaternary alluvium (yellow),
Paleogene (tan), and Cretaceous (green) geologic sections. The faults are extruded as gray
vertical planes from the Paleozoic through the surface to demonstrate where they are located in
the county.
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